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ZERO CENTERLINE TOOLHOLDER ASSEMBLY 
Background of the Invention 

Field of the Invention 

[0001] The invention is directed to tooUng for machining operations and, more 
5 particularly, directed to zero centerline toolholder assembly that is substantially 
aligned at a non-perpendicular angle with respect to a longitudinal axis of the work 
piece during machining operations. 

\ 

Description of the Related Art 

[0002] Toolholder assemblies, such as milling and turning cutters, that perform 
10 machining operations on work pieces, are well known in the art. Typically, the 

toolholder assembly includes one or more cutting inserts that are moimted around tiie 
outer periphery of the cutter body for producing a series of metal-shaving cuts on a 
work piece. 

[0003] Referring now to Figure 2, a conventional toolholder assembly 100 
15 includes a cutting tool 102, such as a cutting insert, is held by a toolholder 104. The 
toolholder 104 can be releasable secured within a tool spindle 106 by a shank 116 that 
is rotated by a spindle motor (not shown). The tool spindle 106 can be of a quick 
change type as described in U.S. Patent No. 6,415,696, the entire contents of which is 
incorporated herein by reference. For example, a spindle clamping imit (not shown) 
20 may be used to releasably secure the shank 1 16 of the toolholder 104 to the tool 
spindle 106. 

[0004] The toolholder 104 may have a support portion 112 with a pocket 1 14 for 
receiving the cutting insert 102 therein. The cutting insert 102 may be retained in the 
pocket 1 14 by a means well-known in the art, such as a clamp, or the like. As seen in 
25 Figure 2, a central, longitudinal axis, LC, or centerline of the cutting insert 102 (and 
support portion 112) forms a non-zero angle, a; which respect to the central, 
longitudinal axis, LT, or centerline of the toolholder 104. The toolholder 104 may 
also includes a body portion 118 that extends from a tool rest 110 when the toolholder 
104 is installed in the tool rest 110. 
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[0005] For CNC machining operations, the tool spindle 106 may be free to fix and 
hold the toolholder 104 and other tools in a predetermined holding state, and is free to 
rotate, drive and position around a rotational axis (axial center), CT2. When the 
toolholder 104 is installed in the tool rest 1 10, a central, longitudinal axis, LT, or 
S centerline of the toolholder 104 corresponds to the rotational axis, CT2, of the tool 
rest 110. In addition, the tip of the cutting insert 102 that engages the work piece, 
102 extends from the tool spindle 106 by a tool length, L, of approximately 5.9 inches 
(150 mm). 

[0006] During machining operations, a work piece 102 is generally held by a 
10 chuck 122 with chuck jaws 124 for rotational in the direction, W, in a manner known 
in the art. When the work piece 102 is installed in the chuck jaws 124, the work piece 
122 has a longitudinal axis, LW, along its centerline that is perpendicular to the 
longitudinal axis, LT, or centerline of the toolholder 104. It should also be noted that 
the direction of cut, as shown by the arrow, is along the Z-axis and is parallel to the 
15 longitudinal axis, LW, or centerline of the work piece 122 and perpendicular to the 
longitudinal axis, LT, or centerline of the toolholder 104. In addition, it should be 
noted that the centerline, LT, of the toolholder 104 and the rotational axis, CT2, of the 
tool rest 110 corresponds to the axis, P, perpendicular to the centerline, LW, of the 
work piece 102. 

20 [0007] The inventors of the present invention have determined that the main 

component of cutting force is a tangential force that acts in a direction perpendicular 
to the top of the cutting insert 102. The next highest component of the cutting force is 
a feed force, which is generally about one-half (1/2) of the tangential force. The feed 
force usually acts in a direction opposite of the direction of cut (i.e., parallel to the 

25 Z-axis or centerline, LW, of the work piece 102 in Figure 2). The next highest 

component of the cutting force is a radial force, which is generally about one-quarter 
(1/4) of the tangential force, and acts in a direction perpendicular to the tangent point 
at which a nose radius 102a of the cutting insert 102 contacts the work piece 122. In 
Figure 2, the radial force is along the same direction as the tool length, L, and toward 

30 the spindle housing 108. Therefore, the tangential load has the highest effect on the 
torque loading of the joint between the toolholder 104 and the tool spindle 106. A 
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torque loading is developed by the tangential load and the radial offset of this load 
(i.e, the radial distance from the nose radius 102a of the cutting insert 102 to the 
centerline, LT, of the tool), and is perpendicular to tool length, L. In Figure 2, the 
combination of the feed and radial forces provides an undesirable force component of 
S about 26.6 degrees, for example, in the cutting plane that tends to try to pull the 

toolholder 104 out of the clamping unit of the tool spindle 106. In addition, the forces 
exerted on the toolholder 104 may cause a deflection of the toolholder 104 that is 
directly proportional to the tool length, L. Unfortunately, any error associated with the 
moimting connection between the toolholder 104 and the tool spindle 106 or 
10 deflection of the toolholder 104 can cause errors in the alignment of the cutting insert 
102 with the work piece 102. 

[0008] Thus, there is a need to provide a cutting tool orientation that minimizes or 
eliminates the torque on the cutting tool during machining operations, as well as 
reducing or eliminating the radial error associated with the connection of the 

1 S toolholder with the toolholder spindle. 

Summary of the Invention 
[0009] To solve these and other problems associated with conventional toolholder 
assemblies, the inventor of the present invention h£is developed a zero centerline 
toolholder assembly in which the radial component of the torque loading on the 

20 connection between the toolholder and the tool spindle is eliminated by aligning the 
nose radius of the cutting insert with the centerline of the toolholder. Specifically, the 
toolholder assembly comprises a toolholder having a centerline, LT, and a cutting 
insert having a nose radius with a center, RC, when mounted to the toolholder. The 
center, RC, of the nose radius of the cutting insert lies along or is aligned with the 

25 centerline, LT, of the toolholder. The centerline, LT, of the toolholder is aligned at a 
non-zero angle with respect to an axis, P, that is substantially perpendicular to a 
longitudinal axis, LW, of a work piece. 

Brief Description of the Drawings 
[0010] Further features of the present invention, as well as the advantages derived 

30 therefix>m, will become clear from the following detailed description made with 
reference to the drawings in which: 
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[0011] Figure 1 shows a top plan view of a zero centerline toolholder assembly 
according to an embodiment of the invention; and 

[0012] Figure 2 shows a top plan view of a conventional toolholder assembly in 
which a centerline of the cutting insert defines a non-zero angle with respect to a 
5 centerline of the toolholder. 

Description of the Preferred Embodiment 
[0013] Referring now to Figure 1 , a toolholder assembly 1 0 is shown according to 
an embodiment of the invention. The toolholder assembly 10 includes a cutting tool 
102, such as the cutting insert, that is held by a toolholder 104. The toolholder 104 is 

10 mounted within the tool spindle 106. The tool spindle 106 is secured to and rotated 
by a spindle motor (not shown) within a spindle housing 108 of a tool rest 110. The 
toolholder 104 may have a support portion 130 with a pocket 128 for receiving the 
cutting insert 102 therein. The cutting insert 102 may be retained in the pocket 128 
by a means well known in the art, such as a clamping mechanism 126, or the like. 

IS [0014] As seen in Figure 1 , a central, longitudinal axis, LT, or centerline passes 
through the center, RC, thereby fomiing the zero centerline toolholder assembly 10 of 
the invention. In other words, the center, RC, of the nose radius 102a of the cutting 
insert 102 lies on the centerline, LT, of the toolholder 104 to form the zero centerline 
configuration of the toolholder assembly 10 of the invention. 

20 [0015] The zero centerline configuration of the toolholder assembly 10 of the 

invention is accomplished by tilting the tool spindle 106 and the spindle housing 108 
at a non-zero angle, 5, with respect to the axis, P. That is, the zero centerline 
configuration of the toolholder assembly 10 is accomplished by tilting the tool spindle 
106 and the spindle housing 108 at a non-perpendicular angle, d, with respect to the 

25 longitudinal axis, LW, of the workpiece 120. Further, the rotational axis, CT2, of the 
tool rest 110 may be aligned with the center, RC, of the nose radius 102a of the 
cutting insert 102 and the centerline, LT, of the toolholder 104. By contrast, the 
center, RC, of the nose radius 102a of the cutting insert 102 of the conventional 
toolholder 100 does not lie on the centerline, LT, of the toolholder 104. Fiuther, the 

30 centerline, LT, of the toolholder 104 is parallel to (i.e., lies on) the axis, P. As a result 
of the zero centerline configuration of the toolholder assembly 10 of the invention. 
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and the angle, 6, at which the toolholder 104 and cutting insert 102 is configured with 
the respect to the axis, P, the torque on the toolholder assembly 10 and the deflection 
of the cutting insert 102 during machining operations is greatly reduced or virtually 
eliminated. 

S [0016] In addition, the centerline, LT, of the toolholder 104, forms an angle, 8, of 
between about 25.0 degrees and about 45.0 degrees with respect to an axis, P, that is 
substantially perpendicular to the centerline, LW, of the work piece 102, as compared 
to the conventional toolholder assembly 100 shown in Figure 2 that forms the angle, 5, 
equal to zero with respect to the axis, P. 

10 [0017] As mentioned above, the combination of the feed and radial forces of the 
conventional tool assembly 100 shown in Figure 2 provides a resultant force 
component in the cutting plane that tends to try to pull the toolholder 104 out of the 
clamping unit of the tool spindle 106. However, in the toolholder assembly 10 of the 
invention shown in Figure 1, much more of this combination, or resultant force, will 

15 be directed back into the spindle joint, thus minimizing the tendency to pull the 
toolholder 104 out of the clamping unit of the tool spindle 106. For example, in 
Figure 2, the resultant force component is acting in a direction of about 63.4 degrees, 
away from the direction of cut from the centerline, LT and originating at the nose 
radius center, RC, of the toolholder 104. 

20 [0018] By contrast, in the toolholder assembly 10 of the invention shown in 
Figure 1, with the tool spindle 106 tilted at an angle, 5, of about 45.0 degrees, for 
example, with respect to the axis, P, (and also to the longitudinal axis, LW, of the 
work piece 102) the resultant force component is acting in a direction of about 18.4 
degrees (45.0 degrees minus 26.6 degrees), away from the direction of cut from the 

25 centerline, LT, and originating at the nose radius center, RC, of the toolholder 104. In 
addition, when the toolholder 104 is installed in the tool rest 1 10, a central, 
longitudinal axis, LT, or centerline of the toolholder 104 is substantially aligned with 
the rotational axis, CT2, of the tool rest 110. 

[0019] As mentioned above, the tool length, L, of the conventional toolholder 
30 assembly 100 shown in Figure 2 is approximately 5.9 inches (150nrai). In many 
cases, this distance is necessary to allow the spindle housing 108 to clear the work 
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holding device (i.e., the chuck 122 and chuck jaws 124). By inclining or tilting the 
toolholder spindle 106 at 45.0 degrees, for example, with respect to the axis, P, (and 
also the longitudinal axis, LW, of the workpiece 120), the tool length, L, can be 
shortened and still allow clearance for the spindle housing 108 with the work holding 
5 device. For example, the tool length, L, is approximately 3.9 inches (100 nmi), as 
compared to eq^proximately 5.9 inches (150 mm) in the conventional toolholder 100. 
Because the clamping mechanism of the spindle that holds the toolholder assembly 10 
has a substantially constant clamping force, a shorter tool length, L, will yield less 
deflection under load and provide better cutting performance. 

10 [0020] In the illustrated embodiment of the invention shown in Figure 1, the 
toolholder assembly 10 is depicted as a left-handed configuration tool because the 
toolholder assembly 10 is tilted at an angle, 5, with respect to the axis, P, such that the 
nose radius 102a of the cutting insert 102 is toward the direction of cut (indicated by 
the arrow). Thus, it is important that the cutting insert 102 has the appropriate rakes 

15 and geometry required for left hand tool. It can be appreciated that the same design 
concepts can be applied to a right hand tool which would be designed to cut in the 
opposite direction of the tool illustrated in Figure 1. Accordingly, the appropriate 
insert rakes and geometry must be utilized to suit the cutting action of right hand tool. 
[0021] In the illustrated embodiment of the invention, the cutting insert 102 has a 

20 diamond-shape configuration and is mounted in the insert pocket 128 such that the 
cutting insert 102 is mirror symmetric about the centerline, LT, of the toolholder 104. 
However, it will also be appreciated that the principles of the invention can be 
practiced with any desirable cutting insert configuration, and not just a diamond- 
shaped configuration of the cutting insert 102. For example, the cutting insert 102 

25 may have a triangular-shape configuration and mounted in the insert pocket 128 such 
that the cutting insert 102 is not symmetric about the centerline, LT, of the toolholder 
104, while still maintaining the zero centerline configuration of the toolholder 
assembly 10 of the invention in which the center, RC, of the nose radius 102a of the 
cutting insert 102 lies on the centerline, LT, of the toolholder 104. 

30 [0022] As described above, the toolholder assembly 10 of the invention provides a 
zero centerline toolholder configuration in which the center, RC, of the nose radius 
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102a of the cutting insert 102 and the centerline, LT, of the toolholder 104 are aligned 
with each other (i.e., the center, RC, lies on the centerline, LT). In addition, the 
center, RC, and the centerline, LT, are also aUgned with the rotational axis, CT2, of 
the tool rest 110. The centerline, LT, of the toolholder 104 form a non-zero angle, 6, 
S with respect the axis, P, which is substantially perpendicular to the centerline, LW, of 
the work piece 102. By locating the center, RC, of the nose radius 102a of the cutting 
insert 102 on the centerline, LT, of the toolholder 104, the radial component of the 
torque load is eliminated and torque loading of the joint between the toolholder 104 
and the tool spindle 106 is minimized. In addition, the zero centerline configuration 

10 ensures that the nose radius 102a of the cutting insert 102 is properly located in the 
cutting plane and maintains proper alignment with the centerline, LT, of the 
toolholder 104 during machining operations. Further, the shorter tool length, L, of the 
toolholder assembly 10 of the invention reduces deflection of the toolholder 104 
during machining operations. Still further, the direction of the cutting forces in the 

IS zero centerline configuration of the toolholder assembly 10 of the invention ensures 
that the joint or connection between the toolholder 104 and the tool spindle 106 is 
kept together. 

[0023] The documents, patents and patent applications referred to herein are 
hereby incorporated by reference. 
20 [0024] While the invention has been specifically described in connection with 
certain specific embodiments thereof, it is to be understood that this is by way of 
illustration and not of limitation, and the scope of the appended claims should be 
construed as broadly as the prior art will permit. 
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